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FOREWORD 


This  document  is  on*  of  four  reports  on  work  performed 
by  tbs  Znstitufes  for  Dsfsnss  Anslysss  for  ths  Offics  of  tbs 
Assistant  Sscrstary  of  Dsfsnss  (Reserve  Affairs)  sines  August 
IMS  undsr  Task  Ordsr  T-M2-2S6,  "Reserve  Component  Training 
Tscbnology . a  Mills  tbs  task  is  ooncsrnsd  with  ths  reserve 
components  (RCs)  of  all  ths  Services,  our  sffort  to  dats  has 
bssn  focus sd  on  tbs  Any  Guard  and  tbs  Aray  Rsssrvs. 

This  first  report,  IDA  Fapsr  P-1971,  (1)  dsseribss  ths 
aetbodology  of  our  invsstigation  of  Aray  RC  training,  (2)  pre- 
ssnts  a  statistical  dascription  of  tbs  envlronawnt  for  that 
training,  and  (3)  providss  otbsr  inforaation  that  ws  expect 
to  bs  ussful  for  our  continuing  look  at  tbs  Aray  RCs. 

Tbs  sseoad  rsport,  IDA  Pspsr  P-1972,  "Training  Stats  of 
a  Group  of  Aray  Ccabat  Ssrvios  Support  Units  (0),”  (19S7),  is 
an  aassssasnt  of  tbs  stats  of  training  of  Guard  and  Rsssrvs 
units  that  psrfoca  oeabat  logistics  functions,  i.s. ,  aaintsnanes 
and  aovsaant  of  squipawnt,  supplies,  and  personnel*  it  is  ths 
only  one  of  tbs  four  reports  that  is  elassifisd  (confidential). 

An  evaluation  of  tank  gunnery  devices  is  described  in  our 
third  report,  IDA  Paper  P-1973,  "Siaulstion  Trains re  for  Tank 
Gunnery,"  (1997). 

Tbs  fourth  report,  IDA  Naaorandua  Rsport  R-299,  "Initial 
Aseseaasnt  of  Maintenance  Training  of  Aray  Rsssrvs  Coaponents,” 
(1997),  is  a  preliminary  examination  of  Aray  RC  maintenance 
training  to  identify  area(s)  for  analysis. 
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SUMMARY  AMD  DISCUSSION 

The  relative  costa  of  Act! vs  forces  and  Reserve  forces 
make  Guard  and  Reserve  units  increasingly  important  in  defense 
planning.  With  the  inception  of  the  Total  Force  policy#  the 
training  objectives  of  Guard  and  Reserve  units  became  the 
same  as  those  of  Active  units  with  similar  missions.  This 
paper  is  a  progress  report  on  Phase  1#  Army  reserve  components 
(RCs) #  of  a  study  of  technology  and  procedures  to  improve 
training  programs  of  the  reserve  components  of  the  services. 

The  study  methodology  for  Phase  1  is  expected  to  be  used  in 
subsequent  phases  that  examine  the  Navy  and  the  Air  Force. 

The  other  side  of  the  economic  coin  that  applies  to  the 
Reserve  forces  is  less  time  and  equipment  than  the  Active 
forces  have  for  training#  fewer  training  areas#  and  poorer 
training  facilities.  These  factors  plus  geographic  dispersion 
of  Guard  and  Reserve  units  make  the  training  environment  much 
different  from  that  for  Active  forces. 

The  density  distributions  of  several  large-population  MOSs 
(see  Section  II)  illustrate  quantitively  a  dominant  character¬ 
istic  of  the  Army  RC  environments  A  dispersion  of  many  small 
training  target  populations.  Combined  with  low  expected  utili¬ 
sation  of  equipment  (by  soldiers  with  limited  availabiliti  for 
training)  this  dispersion  makes  low-cost-per-trainee  a  design 
imperative  for  RC  training  devices. 

Although  we  have  developed  a  methodology  for  identifying 
eoet-effeetive  devices  (see  Fig.  1)#  It  is  too  early  to  make 
investment  rs ormws ndat lens  for  specific  training  applications, 
however#  our  investigation  indicates  that  the  capabilities  and 
costa  of  interactive  video  make  that  equipment  eapecially 


attractive  for  Any  RC  training.  To  illustrate  the  potential 
of  interactive  video,  let's,  consider  some  new  developmental 
devices. 


EXAMPLES  The  heart  of  Guardfist  2,  an  artillery 
trainer  in  full-scale  development,  is  a  single  video¬ 
disc  system  that  provides  realistic  scenery,  targets, 
and  explosion  graphics  for  the  artillery  forward 
observer  to  call  for  and  adjust  indirect  artillery  and 
mortar  fires.  Guardfist  1,  a  full-crew  tank  gunnery 
procedures  trainer,  which  is  also  being  developed,  will 
include  three  videodisc  systems— one  each  for  the  tank 
commander,  the  gunner,  and  the  driver — that  similarly  pro¬ 
vide  realistic  scene-target  imagery,  which  can  be  used 
to  depict  surrogate  travel  and  thus  create  simulated  motion. 

The  M-COPT  is  also  a  tank  gunnery  procedures  trainer, 
which  uses  computer-generated  imagery.  The  M-COFT  develop¬ 
ment  was  completed  in  1986;  its  ongoing  procurement  implies 
Army  satisfaction  with  its  cost-benefit  specifics.  The  cost 
and  effectiveness  of  Guardfist  1  have  not  been  estimated; 
nor  has  the  similarity  of  M-COPT  and  Guardfist  1  been 
analysed  in  terms  of  task-training  capability.  While 
many  tasks  may  be  common  to  both  trainers,  we  expect  that 
other  tasks  can  be  trained  on  one  device  but  not  the  other. 

Let's  set  aside  for  a  moment  the  fact  that  we 
have  not  yet  analysed  the  training  effectiveness  of 
Guardfist  1  and  M-COPT,1  but  use  our  analyses  of  the 
costs  of  Guardfist  2  and  M-COPT.  If  the  3*1  ratio 
of  the  number  of  videodisc  systems  for  Guardfist  1 

1  These  are  two  of  five  -tank  gunnery  simulators  that  were 
subsequently  examined  in  IDA  P-1973. 
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and  Guardfist  2  ia  used  aa  an  indicator  of  the  rela¬ 
tive  life  cycle  co8t8  (LCC)  of  theae  trainers/  the 
LCC  per  trainee1  of  Guardfist  1  is  one-sixteenth  of 
the  LCC  per  trainee  of  M- CO  FT  (see  Section  III.F.2)* 


1  LCC  per  trainee  is  an  average,  undiscounted  cost  divided 
by  the  number  of  personnel  slots  (or  billets),  each  of 
which  is  assumed  filled  by  a  soldier-trainee,  in  the  table 
of  organisation  and  equipment  of  the  unit  using  the  device. 
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I.  INTRODUCTION 


A.  BACKGROUND 


Under  the  Department  of  Defense's  Total  Force  Concept, 
performance  standards  and  training  objectives  for  Guard  and 
Reserve  units  are  the  same  as  those  of  Active  units  with  sim¬ 
ilar  missions.  However,  the  differences  in  costs  of  full-time 
and  part-time  forces  and  in  opportunities  for  learning  and 
practice  associated  with  current  training  timetables  for  these 
forces  make  it  necessary  for  the  services  to  use  different 
training  strategies  for  active  components  and  reserve  compon¬ 
ents  (Guard  and  Reserve).  There  is  general  agreement  that 
strategies  for  training  the  reserve  components  (RCs)  have  not, 
in  many  cases,  provided  units  with  personnel  trained  well 
enough  to  meet  their  service  performance  standards  (for  example, 
see  Ref.  1,  a  recent  Defense  Science  Board  report).  Thus,  the 
Office  of  the  Assistant  Secretary  of  Defense  (Reserve  Affairs) 
and  the  Institute  for  Defense  Analyses  have  undertaken,  in  late 
1985,  a  study  of  major  elements  of  those  strategies,  viz., 
training  technology  and  training  procedures. 

B.  OBJECTIVES 

The  objectives  of  this  OASD(RA)/IDA  study  are  to  (1) 
identify  significant  shortcomings  (if  any)  in  the  use  of 
technology,  training  devices,  and  procedures  to  train  the  RCs 
of  all  services  and  (2)  make  proposals  for  the  development 
and  acquisition  of  cost-effective  training  devices  and 
procedures  needed  to  train  the  RCs. 
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C .  SCOPE 


Btcauit  of  particular  congressional  interest  in  nonsysteai 
training  devicesi  for  the  Any  Guard  and  Reserve,  the  first 
phase  of  our  study  is  concerned  only  with  the  Any  RCs.  In 
this  study,  "Reserve"  weans  the  Selected  Reserve  category  of 
the  Any's  Ready  Reserve;  thus  the  Individual  Ready  Reserve, 
which  consists  of  Ready  Reservists  not  belonging  to  the 
Selected  Reserve,  is  not  considered.1  2 

Due  to  tine  and  resource  constraints,  our  attention  has 
been  directed  to  the  major  cost  elesaints  of  Any  RC  training. 
Thus,  our  study  focuses  on  sustainment  and  unit  training,  vis- 
a-vis  institutional  training,  and  on  enlisted  personnel  only. 

This  report  is  a  prose-fon  version  of  analyses  and  infor¬ 
mation  previously  included  in  an  OASD(RA)  report  to  Congress 
on  future  requirements  and  acquisition  of  nonsysteai  training 
devices  for  the  Amy  RCs  early  in  1986,  when  our  study  effort 
had  been  underway  for  about  four  Months.  The  analyses  are 
(1)  a  logical  decision  path  for  selecting  training  devices 
and  procedures  and  (2)  a  statistical  description  of  the  Army 
RC  training  environment.  The  information  presented  in  this 
report  documents  our  data  collection  and  evaluation  efforts 
through  early  1986  and  is  related  to  those  analyses  and/or 
is  expected  to  be  used  in  our  future  work. 


1  A  "nonsysteai”  device  supports  general  military  training,  or 
more  than  one  system  or  item,  or  several  different  types  of 
equipment  (an  examples  MILES,  Multiple  Integrated  Laser 
Engagement  System) .  A  "system”  device  is  designed  for  use 
only  with  a  specific  system  or  item  (an  example;  M48  tank 
Turret  Trainer).  This  study  will  consider  both  types  of 
training  devices,  as  appropriate. 

2  Nor  are  the  other  major  categories— vis.  the  Standby  Reserve 
and  the  Retired  Reserve— of  the  Army  Reserve  considered. 


2 


0. 


APPROACH 


Inuweh  as  identifying  technology  end  procedures  to 
■set  training  needs  of  the  service  PCs  swans  finding  the  nost 
promising  training  investments*  our  study  strategy  involves 
evaluating  both  the  effectiveness  and  costs  of  training  media.1 
Our  methodology  is  outlined  in  Pig.  1. 


1  Selection  of  a  "medium*"  or  equivalently  a  "training  device 
implies  selection  of  an  encompassing  "instructional  system* 
in  which  courseware  (which  is  the  substance  to  be  learned) 
and  software  (which  calls  up  the  courseware  as  needed  and 
controls  the  medium  according  to  an  instructional  strategy) 
are  arranged  to  advantageously  use  capabilities  of  the 
medium  (e.g.*  printed  material*  audio-visual  equlpawnt* 
videodisc*  etc). 
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II.  TRAINING  SNVI 


IBNT 


Our  initial  study  sffort  uasiiwd  how  Any  IC  training 
naads  ara  ahapad  by  tha  NC  envi ronswnt.  No  want  to  da ac riba 
statistically  tha  principal  charactaristics  of  that  environ¬ 
ment— aim.,  training  tim*  gaographie  di  spars  ion,  and  facility 
suitability — ao  that  thair  inpact  on  tha  utility  and  cost  of 
training  devices  and  procaduras  can  ba  naasurad. 

Aftar  racaiving  basic  training  of  •  waaks  and  initial 
skill  level  training  of  varying  langth — f raw  sovaral  waaks  to 
■ore  than  a  yaar  dapanding  on  tha  nilitary  occupational 
specialty  (NOS) — by  tha  saw  institutional  training  process 
uaad  for  thair  Active  Amy  counterparts,  hesar vista  and 
Guardsawn  join  thair  KC  units*  where  they  racaiva  training  to 
refresh  and  iaprove  thair  skills. 

A  general  idea  of  tha  overall  problaa  of  sustaina»nt  and 
unit  training  in  tha  Amy  SCs  is  conveyed  by  sosm  aggregate 
statistical  Nora  than  €00*000  soldiers  with  over  400  NOSs 
in  approx iaately  €*900  units1  at  nearly  4*000  stations  (Guard 
amories  and  la  serve  canters).  Nora  specifically*  tha  Amy 
National  Guard  (AJtNG)  has  3*457  units  and  2*058  amories;  tha 
average  amory  acccaaaodates  148  enlisted  personnel.  Tha  Amy 
la serve  ( (MAI)  has  3*438  units  and  1*098  reserve  canters;  tha 


1  A  "unit”  is  a  battalion  or  equivalent-level  organisation  or 
a  ocapany*  battery*  platoon*  detaehawnt*  or  tasi*  which  is  not 
an  organic  eleasnt  of  a  battalion. 


ivtragt  population  par  eantar  is  202  enlisted  parsonnal.  In 
both  tha  AJtMG  and  tha  US  Alt,  Many  armory /center  populations 
reflect  a  variaty  of  NOS> ,  f aw  billats  of  any  single  NOS ,  and 
f aw  experienced  instructor  NCOS  (non-commissioned  officars). 

And  in  both  tha  AKN6  and  tha  U8AR  during  11  months  of  tha  year, 
tha  RC  soldiar  availability  for  training  (2  days/month)  is  10 
parcant  of  tha  20  days/month  availability  of  his  Activa  Army 
countarpart;  it  is  50  parcant  for  tha  month  in  which  tha 
Reservist/Guardsman  is  on  2-week  activa  duty. 

In  ordar  to  datarmina  tha  affact  of  anvironmantal  factors 
on  Army  RC  training,  a  sample  of  NOSa  was  salactad  for  exami¬ 
nation  in  a  two-step  process.  Table  1  shows  tha  currant 
authorised  strengths,  by  component,  of  tha  32  career  management 
fields  (CMPs),  that  tha  Army  has  established  to  administer 
clusters  of  related  MOSs.  In  tha  first  step  in  selecting  our 
NOS  sample,  13  of  these  CUPS  ware  found  to  have  combined  ARMG 
and  USAR  populations  greater  than  tha  corresponding  activa  Army 
populations.  Second,  after  arbitrarily  replacing  CMP  97,  Band, 
by  CMP  31,  Communications  Electronic  Operations  (because  of  tha 
greater  expected  utility  in  combat  of  CMP  31),  tha  largest  pop¬ 
ulation  NOS  in  each  of  tha  13  large-population  CMPs  was  salactad 
for  tha  study  sample;  Table  2  indicates  that  these  13  MOSs 
account  for  between  one-third  and  one-half  of  the  populations  of 
each  Army  component. 

Density  distributions  of  the  large-population  NOS  sample 
were  developed  by  an  IDA  computer  program  that  aggregated 
authorised  strengths  and  calculated  average  populations  (i.e., 
authorised  strength  populations)  from  personnel  data  from  the 
Army's  PSRSACS  (Personnel  Strength  and  Composition  System) 
data  base.  The  data  are  valid  for  the  end  of  PT  19SS.  The 
dispersed  nature  of  the  RC  environs* nt  is  illustrated  by 
Tables  3  through  7,  which  show  the  number  of  stations  and 


ths  avsraga  populations  for  skill  Is vs Is  1  through  5,1 
rsspsctivsly ,  for  ths  13  NOSs.2 


1  Skill  lsvsl  idsntifiss  skills*  proficisncy,  or  ability— lsvsl 
of  qualification— typically  rsquirsd  for  sucesssful  parfom- 
siios  st  ths  grads  with  whieh  ths  skill  lsvsl  is  associatsd. 
Lavs Is  of  qualif lost ion  srs  ldsntiflsd  by  ths  nuabara  ”0" 
through  ”9*.  Skill  lsvsl  "0”  is  ussd  with  an  NOS  to  idsntify 
parson ns 1  undergoing  training  for  sward  of  a  primary  NOS. 

Ths  following  rslatlonship  salats  bstwsan  skill  lsvsl  (si) 
and  grads t  si  1  -  S3  and  B4t  al  1  -  iSt  si  3  -  Ni  si  4  -  *7> 
si  S  -  H  and  If  (Ssf.  2). 

2  Ths  oonponsnt  population  for  any  NOS  in  Tabls  2  will  diffsr 
slightly  from  ths  sums  of  populations  of  any  NOS  in  Tablss  3 
through  7*  whsrs  avsraga  population  waa  roundsd  to  ths 
nsarsst  whols  numbsr . 
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TABLE  1.  CURRENT  AUTHORIZED  STRENGTH 
BY  CAREER  MANAGEMENT  FIELD 


TABLE  2.  LARGE  POPULATION  MOSs 
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TABLE  5.  NUMBER  OF  STATIONS  (N)  AND  AVERAGE 
POPULATIONS  (ID)  FOR  SELECTED  MOSs  AND  SKILL  LEVEL  3 
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TABLE  6.  NUMBER  OF  STATIONS  (N)  AND  AVERAGE 
POPULATIONS  (Hi)  FOR  SELECTED  MOSs  AND  SKILL  LEVEL  4 
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TABLE  7.  NUMBER  OF  STATIONS  (N)  AND  AVERAGE 
POPULATIONS  (H)  FOR  SELECTED  MOSs  AND  SKILL  LEVEL  5 
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III.  MEDIA  SELECTION 


Our  progress  report  on  media  selection  is  presented  in 
the  same  sequence  as  the  media  selection  procedure  outlined 
in  Figure  1. 

A.  TRAINING  TARGET  POPULATIONS 

Three  bases  are  used  for  selecting  target  populations 
for  training.  First,  the  large-population  MOSs  used  to. 
develop  density  distributions  also  provide  target  populations 
for  gauging  the  cost-effectiveness  of  alternative  training 
devices  and  procedures.  Second,  since  some  important  tech¬ 
nologies  available  for  training  might  not  be  appropriate  for 
the  large-population  MOSs,  other  MOSs  that  are  associated 
with  current  or  soon-to-be-available  training  devices  that 
reflect  advanced  technologies  may  be  selected.  And  third, 
special  attention  will  be  given  to  maintenance  MOSs  inasmuch  as 
many  RC  soldiers  repair  or  service  trucks,  armored  vehicles, 
helicopters,  electrical  and  electronic  equipment,  and  weapons 
of  all  kinds.  Table  8  shows  that  the  current  authorized 
strength  of  combat  service  support,  which  includes  maintenance 
personnel,  is  especially  heavy  in  the  Reserve.  For  our 
sample  set  of  13  MOSs,  23  percent  (MOSs  11B,  13B,  and  19E) 
are  in  combat  arms;  31  percent  (MOSs  12B,  31K,  54E,  and  62E) 
are  in  combat  support;  and  46  percent  (MOSs  63B,  64C,  71L, 

76Y,  and  94B)  are  in  combat  service  support. 


TABLE  8.  CURRENT  ARMY  AUTHORIZED  STRENGTH 
POPULATION  FRACTIONS  BY  FUNCTION  • 


— ^COMPONENT 

FUNCTION 

ACTIVE 

GUARD 

RESERVE 

COMBAT  ARMS*5 

0.31 

0.34 

0.15 

COMBAT  SUPPORT0 

0.25 

0.24 

0.23 

COMBAT  SERVICE  SUPPORT1* 

0.44 

0.42 

0.62 

TOTALS 

1.00 

1.00 

1.00 

a  Source:  PERSACS  (Ref.  3) 

b  Includes  CMFs  11, 13. 16, 18, 19, 23, 27, 67,  and  93. 

c  Includes  CMFs  12, 28. 29, 31 , 33, 51 , 54, 81 , 95. 96. 98,  and  part  of  CMF  74 
(MOSs  34C,  -F,  -H,  -K,  -L,  -T,  -Y,  and  *Z). 

d  Includes  CMFs  55. 63, 64, 71, 76, 79, 84,  91. 92. 94, 97.  and  part  of  CMF  74 
(MOSs  74D,  -F,  and  -Z). 
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B.  TASK  IDENTIFICATION 


An  MOS  designation  implies  that  a  soldier  has  certain 
skills/  each  of  which  implies  abilities  to  perform  a  set  of 
tasks.  Each  MOS  typically  encompasses  several  dosen  tasks, 
which  are  identified  in  a  "Soldier's  Manual#"  where  each 
task  is  typically  composed  of  multiple  subtasks.  For  skill 
level  1  soldiers  in  our  1 3-MOS  sample#  the  average  number  of 
tasks  per  MOS  is  71.  As  an  example  of  the  types  of  tasks 
that  are  associated  with  an  MOS#  Tables  9  and  10  indicate# 
respectively#  the  common  tasks  and  those  specifically  related 
to  the  M101A1  (105mm  towed  howitzer)  for  a  skill  level  1 
Cannon  Crewmember#  MOS  13B  (Ref.  4).  Tables  11#  12#  and  13 
indicate  the  common  tasks  and  the  M101A1  specific  tasks  for 
MOS  13B  skill  levels  2#  3#  and  4,  respectively. 

C.  CHARACTERISTIC  LEARNING  EXPERIENCES 

Learning  is  generally  categorized  as  either  cognitive  or 
psychomotor  in  nature.  Cognitive  learning  includes  memorization# 
rule  learning#  rule  using#  identification  and  classification# 
and  making  decisions.  Psychomotor  learning  includes  skill 
mastery  and  positioning  movements.  Many  tasks  require  both 
types  of  skills. 

Experiments  and  experience  in  learning  indicate  that#  to 
provide  equal  training  effectiveness#  tasks  with  increased 
complexity  and  length  of  the  cognitive  or  psychomotor  aspects 
require  increased  training  and  practice. 

In  order  to  estimate  the  effectiveness  of  alternative  media 
for  learning  MOS  tasks#  the  cognitive  and  psychomotor  elements 
of  these  tasks  have  to  be  identified.  Whatever  measured 
results  of  learning  experiments  and  experience  are  available 
will  then  provide  a  basis  for  estimating  media  effectiveness 
on  the  common  denominators#  viz.#  cognitive  learning  and 
pyschomotor  learning#  of  the  MOS  tasks. 
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TABLE  9.  COMMON  TASKS  FOR 
MOS  13B  SKILL  LEVEL  1 


TABLE  11.  TASKS 


DATA) 


TABLE  13. 


I 


Of  tte  mragt  71  tMka  par  NOS  (skill  level  1)  in  the 
I  13-NOS  a«sl«,  it  tasks  involve  both  cognitive  and  psychoaotor 

learning;  two  involve  only  cognitive  learning)  and  one  involves 
only  psychoaotor  learning. 

|  D.  NBDXA  OPTIONS 

IWo  groups  of  aedia  are  being  examined*  (1)  aedia 
currently  used  by  the  kray  and  (2)  new  aedia  devices  that 
aabody  advanced  technology. 

l.  Current  Nadia 

The  A ray  Training  and  Doctrine  Coaaand  (TRADOC)  identifies 
nine  categories  of  extension  training  aaterials*,  which  are 
indicated  in  Table  14*  for  all  coaponents — Act ive ,  Guard,  and 
Reserve.  A  TRAOOC-provided  listing  for  the  13  saaple  NOSs 
contains  approxiaately  2400  iteas  aaong  these  nine  categories. 

A  TRADOC  catalog  relating  these  aaterials  to  tasks  has  reportedly 
been  coapleted,  but  is  not  yet  available  for  distribution. 

While  the  cost  and  effectiveness  of  all  extension  training 
aaterials  are  of  interest,  the  focus  of  this  investigation  is 
primarily  on  training  devices. 

2*  T.tS*W9l2flZ 

Imbedded  trainers,  artificial  intelligence,  computer- 
*  based  instruction,  interactive  television,  interactive 

videodiscs,  and  telecommunications  are  only  a  partial  list  of 
new  technology  opportunities  for  Aray  training. 

Mhlle  other  hardware  and  software  exaaples  of  new 
1  technology  night  also  be  mentioned,  it  seeas  most  logical  for 


1  for  sustainment  and  unit  training  vis-a-vis  institutional 
I  training. 
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this  study  to  investigate  a  set  of  topical  training  devices 
that  incorporate  some  types  of  new  technology  that  appear  par¬ 
ticularly  relevant  to  the  RC  training  environment.  Table  15 
lists  several  candidates  for  cost-effectiveness  investigation. 

E.  MEDIA  EFFECTIVENESS 

Our  analyses  of  effectiveness  and  costs  will  use  Army 
analyses  wherever  possible.  As  a  prerequisite  for  development 
of  a  training  device,  the  Army  performs  a  Cost  and  Training 
Effectiveness  Analysis  (CTEA)  to  support  a  system  training 
device  requirement  or  a  Training  Development  Study  (TDS)  to 
support  a  nonsystem  training  device  requirement.! 

A  CTEA  or  a  TDS  contains  a  training  device  cost-effective¬ 
ness  analysis  and  analyses  of  other  factors  as  well:  (1)  new 
skills  and  knowledge  needed  to  operate  and  maintain  the 
device,  (2)  suitability  of  the  device  to  train  the  target 
population,  (3)  changes  to  the  current  training  programs  to 
make  best  use  of  the  device,  (4)  development  of  a  new  training 
program,  (5)  changes  to  training  facilities,  and  (6)  compati¬ 
bility  of  the  proposed  device  with  existing  systems  (Ref.  5). 

Reviews  of  CTEAs  and  TDSs  will  provide  opportunities  to 
examine  information  used  by  the  Army  in  its  training  investment 
analyses.  Nhere  necessary,  we  expect  to  perform  independent 
effectiveness  analyses. 

Our  consideration  of  new  technologies  persuades  us  that 
interactive  video  and  telecommunications  would  be  especially 
well-suited  for  delivering  quality-controlled,  standardized 
training  to  geographically  dispersed  locations.  Interactive 
video,  with  tape  or  disc  storage,  can  show  step-by-step 
operating,  servicing,  or  repair  processes  with  detailed  two 
or  three-dimensional  graphics  that  depict  a  training  object 

1  This  prerequisite  is  sometimes  waived. 


TABLE  15.  SOME  NEW  TECHNOLOGY  DEVICES 


TANK  GUNNERY  AND  MISSILE  TRACKING  SYSTEM  (TGMTS) 


from  any  view  with  any  level  o£  detail.  Feedback  and  control 
capabilities  of  interactive  video  systems  can  give  the  viewer 
the  perception  of  active  participation  in  the  operating,  ser¬ 
vicing,  or  repair  process,  even  though  he  or  she  controls  the 
training  device  but  not  the  training  object  (which  might  be 
actual  equipment  or  a  model). 

With  training  by  telecommunications,  expert,  charismatic 
instructors  could  simultaneously  teach  several  dispersed  groups. 
Arrangements  could  be  made  for  student-instructor  interaction 
as  in  the  Army's  "School  of  the  Air"  concept. 

While  there  seems  to  be  general  agreement  among  profess¬ 
ionals  concerned  with  learning — instructional  system  designers, 
behavioral  psychologists,  training  managers,  and  teachers — that 
interactive  video  and  telecommunications  hold  great  promise  as 
training  technologies,  a  number  of  tests  and  analyses  are 
needed  in  selecting  either  medium  for  a  specific  application. 
These  tests  and  analyses  would  facilitate  such  design  choices 
as  "Interactive  video  or  telecommunications?”  and  "If  inter¬ 
active  video,  tape  or  disc  storage?”  and  compare  training  effec¬ 
tiveness  of  the  new  technology  choice  with  that  of  current  media 

F .  MEDIA  COSTS 

Our  cost  analysis  involves  (1)  collecting  generic  cost  data 

(2)  collecting  cost  estimates  of  specific  training  systems,  and 

(3)  using  both  sets  of  data  to  develop  simple  predictive  models 
of  the  relative  costs  of  alternative  training  strategies.  Our 
effort  so  far  has  been  devoted  to  the  first  two  tasks. 

1 .  Generic  Costs 

Our  cost  structure  provides  for  these  major  cost  categories 
of  a  training  system:  research  and  development  (R&D)  costs, 
investment  costs,  and  operating  and  support  costs.  Elements  of 
these  categories  and  the  general  sources  of  cost  data  are 
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indicated  in  Table  16.  Costs  for  these  elements  are  being 
collected  from  three  source  categories:  (1)  hardware  and  soft¬ 
ware  costs  related  to  advanced  technology  equipment;  (2)  fore¬ 
cast  costs  related  to  advanced  technology  equipment;  and 
(3)  costs  of  similar  items  that  are  now,  or  will  soon  be, 
available  commercially. 

a.  R&D.  The  R&D  cost  category  contains  the  element 
"Hardware  R&D”  and  other  elements,  which  collectively  are 
labeled  "instructional  system  development  (ISD).”  We  have  not 
yet  collected  any  Hardware  R&D  cost  data. 

Han-hour  and  cost  estimates  of  courseware  development,  one 
of  the  ISD  elements,  are  shown  in  Table  17  (from  Ref.  6).  The 
estimates  are  based  on  a  cost  rate  of  $50,  in  FY  1986  dollars, 
per  person  per  hour.  Some  estimates  (e.g.,  those  for  interac¬ 
tive  computer-aided  instruction)  are  based  on  advances  in  other 
related  fields.  However,  they  are  particularly  valuable  as 
indicators  of  the  relative  costs  of  various  advanced  technology 
devices. 

To  compare  advanced  technology  systems  to  current  systems, 
man-hour  and  cost  data  from  a  Navy  study  (Ref.  7)  are  also 
presented  as  "existing  technology"  in  Table  17.  These  latter 
data,  which  have  been  modified  to  separate  design  costs  and 
development  costs  and  to  reflect  organizational  overhead, 
indicate  the  costs  (in  FY  1986  dollars)  incurred  in  the  ISD 
process  by  the  Navy  in  the  late  1970s.  While  the  comparison 
of  two  sets  of  estimates  developed  separately  must  be  undertaken 
with  care,  a  ratio  of  about  5:1  for  course  development  using 
advanced  technology  training  devices  rather  than  existing 
technology  appears  reasonable  based  on  data  collected  so  far. 

b.  Investment.  General  statements  about  the  v.ocurement 
costs  of  advanced  technology  training  systems  can  be  misleading 
for  two  reasons.  First,  there  are  a  wide  variety  of  different 
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TABLE  16.  AGGREGATE  COST  BREAKDOWN  STRUCTURE 


fcstimates  for  similar  existing  systems. 

Predicted  costs  for  advanced  technology  systems. 
Commercial  items. 


TABLE  17.  TRAINING  DELIVERY  SYSTEM,  COURSEWARE 
DEVELOPMENT  COST  ESTIMATES 
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systems  with  different  equipment  requirements.  Second#  some  cf 
these  systems  are  just  becoming  operational  (e.g.#  videodisc) 
or  are  still  in  development  (e.g.#  intelligent  computer-aided 
instruction).  However#  some  insight  is  available  both  from  the 
general  literature  and  from  specific  programs  under  development. 

Interactive  videodisc  is  a  technology  that  is  expected  to 
be  very  important  in  future  Army  training  programs.  The  train¬ 
ing  medium  will  be  an  BIDS  (Electronic  Information  Delivery 
System)  unit#  which  consists  of  a  videodisc  player  and  a  micro¬ 
computer  or  microprocessor  that  performs  input#  memory#  data- 
processing#  and  output  functions.  The  Army  expects  that  the 
average  unit  cost  of  a  large  BIDS  procurement  will  be  about 
$4000  in  FT  1986  dollars.  The  significance  of  this  unit  cost 
is  that  EIDS  or  systems  like  it  are  expected  to  be  the  main 
equipment  of  numerous  future  training  devices. 

While  simulators  usually  range  in  cost  from  20-65  percent 
of  actual  equipment  costs  (Refs.  8  and  9)#  a  similar  rule  of 
thumb  for  the  cost  of  computer-based  instruction  is  more 
elusive  (Ref.  10). 

Table  18  shows  some  investment  estimates  that  are  based  on 
costs  of  commercially  available  equipment.  Many  of  the  postu¬ 
lated  computer-based  training  delivery  systems  are  direct  spin¬ 
offs  of  commercially  available#  or  soon-to-be  available#  equip¬ 
ment.  The  main  point  here  is  that  technology  transfer  from  the 
commercial  sector  can  provide  low-cost#  highly  capable  equipment 
that  is  well-suited  for  the  dispersed  populations  and  low  equip¬ 
ment  utilization  rates  of  the  Army  RC  training  environment. 

The  last  item  in  Table  18  is  a  key  to  understanding  the 
possibilities  for  obtaining  inexpensive  hardware#  and  for 
gaining  insight  on  future  hardware#  software#  and  courseware 
tradeoffs.  Simply  stated#  the  price  of  a  given  level  of  com¬ 
puting  power  has  fallen  20-25  percent  a  year  every  year  for 
the  last  30  years.  But  software  and  courseware  productivity 
growth  is  reported  at  4  percent  per  year  (Ref.  11).  This 


30 


TABLE  18.  INVESTMENT  COSTS  -  COMMERCIALLY 
AVAILABLE  EQUIPMENT 
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mum  that,  for  a  fixed  system,  software  will  becasw  tha 
primary  coet-driver.  To  achieve  lowar  coat  systems,  future 
designs  aay  aaa  trade-offs  of  hardwara  for  aoftwara. 

c.  Qparatiao  aad  lucoort.  Opa rating  and  support  coats 
ara  a  hay  consonant  of  tha  total  life-cycle  coat  of  a  training 
system.  Mich  of  tha  overall  savings  axpactad  frca  advsncad 
tachnology  training  davicas  is  basad  on  dacraasas  in  coursa 
langth  or  instructor  raquiraaants  and  consequently  lass  total 
pay  for  students  and  instructors. 

Table  19  shows  seas  operating  and  support  coat  estiaates 
that  ara  available  frca  tha  literature.  Tor  training  systaas 
still  under  development,  these  costs  ara  not  known  with  cer¬ 
tainty.  For  earlier  versions  of  coapu ter -aided  instruction 
(CAI )  and  siaulators,  estiaates  of  cost  savings  ara  about  30 
percent  in  comparison  to  conventional  Instruction  (Mefs.  9 
and  17).  The  Majority  of  these  savings  cos*  frca  tha  intro¬ 
duction  of  individualised  instruction  embodied  in  tha  delivery 
system  and  not  from  tha  existence  of  tha  computerised  instruc¬ 
tion  alone  (Ref.  17). 

Total  instructor  requirements  fall  with  decreased  course 
length,  all  other  things  being  equal.  The  incorporation  of 
subject  natter  expertise  into  computers  snd/or  siaulators 
should  also  result  in  less  instructor  time  per  student  hour, 
but  the  evidence  is  fragmentary  and  not  conclusive. 

Savings  on  other  operating  and  support  costs  aay  result 
in  significant  life-cycle  cost  differences  between  training 
options.  For  example,  the  OtS  costs  of  flight  siaulators  ara 
8-10  percent  of  the  cost  of  operating  the  aircraft  being 

simulated  (Ref.  18). 

0 

Table  20  indicates  the  data  and  analysis  that  are  still 
needed  in  our  investigation  of  generic  costs.  An  important 
finding  in  our  data  search  is  that  there  is  a  lack  of  cost  data 
on  computer-based  training  (CRT)  devices.  This  circumstance  is 


TABLE  19.  OPERATING  AND  SUPPORT  COSTS 


TABLE  20.  COST  ANALYSIS  NEEDS 


due  in  part  to  tha  relatively  racant  introduction  of  CBT  (com- 
parad  to  weapon  ayitau  in  which  computers  ara  critical  elements) 
and  in  part  to  tha  fact  that  such  of  tha  work  is  dona  within 
existing  budgat  categories,  which,  bacauaa  of  coat  aggregation, 
pracluda  idantifying  CBT  costa.  Fast  findings  of  a  aiailar 
natura  hava  raaultad  in  a  prapoaad  coat  taxonoaiy  to  correct 
thasa  cost  analysis  problems  (saa  Baf.  19). 

Large  cost  elements  and  areas  of  potentially  large  cost 
differences  ara  highlighted  in  Table  20.  Our  currant  weakness 
in  cost  data  will  be  somewhat  corrected  as  specific  devices, 
such  as,  M-COFT  and  Guardfist  2,  tha  only  specific  devices  on 
which  ws  now  hava  cost  data,  ara  analysed. 

2.  Coats  of  Specific  Devices 

Sosa  of  tha  costs  that  ara  being  developed  for  specific 
training  devices  are  contained  in  Tables  21  and  22,  where  cost 
per  unit,  cost  per  trainee,  and  life-cycle  cost  are  shown  for 
the  Nobile  Conduct  of  Fire  Trainer  (M-COFT)  and  the  Guard  Unit 
Army  Device  (Guard)  Full  Crew  Interactive  Simulation  Trainer 
(Fist)  for  Artillery  (Guardfist  2).1  The  cost  estimates  were 
adjusted  to  FY  1986  constant  dollars  using  OSD-Comptroller2 
inflation  indices  (Ref.  24).  Life-cycle  cost  per  trainee  is  an 
average,  undiscounted  cost  divided  by  the  number  of  personnel 
slots  (or  billets),  each  of  which  is  assumed  filled  by  a 
soldier-trainee,  in  the  table  of  organization  and  equipment  of 
the  unit  using  the  device.  Operating  and  support  costs  are 
based  on  an  equipment  life  of  20  years. 

The  H-COPT  is  a  trailer-mounted  version  of  the  COFT,  a 
gunnery  simulator  that  trains  tank  commanders  and  gunners  of 
main  battle  tanks  and  Bradley  fighting  vehicles.  The  M-COFT 
uses  computer-based  visual  simulation  technology  to  produce 

*  Data  sources  are  Refs.  20-23. 

2  osp  ■  office  of  the  Secretary  of  Defense. 
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full-color  action  scenes  in  which  the  tank  commanders  and 
gunners  practice  operational  procedures  and  target  acquisition, 
identification,  and  engagement.  The  mobile  adaptation  of  COPT, 
whose  R&D  cost  of  $28M  is  sunk,  is  designed  to  meet  special 
needs  of  the  ARNG. 

The  Guardfist  2  is  a  portable  training  device  that  will 
support  individual  training  of  artillery  POs  (forward  observers) 
and  interactive  training  of  all  elements  of  the  field  artillery 
team — gun  crew,  fire  direction  center  personnel,  and  PO.  The 
device  will  present  moving  and  stationary  ground  targets  with 
realistic  background  scenes  on  a  video  monitor  for  the  PO  to 
call  for  and  adjust  indirect  artillery  and  mortar  fires.  In 
addition  to  realistic  background  scenery,  this  interactive- 
video-based  system  can  superimpose  (on  that  scenery)  targets 
and  explosion  graphics  from  its  visual  data  bases.  Pull  scale 
development  of  Guardfist  2  is  expected  to  be  completed  by 
PY  1989.' 

Cost-per-trainee  figures  are  based  on  the  number  of 
personnel  in  these  specific  battalions:  (1)  Tank  Battalion 
equipped  with  M-ls,  TOE1  1723SJ420,  228  personnel  with  MOS 
19K;  (2)  Tank  Battalion  equipped  with  M60s,  TOE  17235J410, 

236  personnel  with  NOS  19E;  (3)  Mechanized  Infantry  Battalion 
equipped  with  Bradley  fighting  vehicles,  TOE  072435J410,  438 
personnel  with  11M  or  19D  MOSs;  and  (4)  Pield  Artillery 
Battalion,  155mm  Towed  Howitzer,  TOE  06125H0O0,  419  personnel 
with  MOSs  13B,  13E,  and  13P. 

The  M-COFT  (M— 1  or  M60)  will  be  assigned  to  a  battalion 
whose  typical  composition  is  four  companies  located  at 
different  and  separate  stations.  Army  utilization  factors 
indicate  that  each  company  will  require  two  weekends  to 
provide  M-COFT  training  sessions  for  all  its  personnel,  after 
which  the  trainer  will  be  towed  to  another  company-station. 


1  TOE  *  table  of  organization  and  equipment. 
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Thus,  each  19K  soldier  (M-l)  or  19E  soldier  (M60)  would  get 
six  M-COFT  training  sessions  per  year.  The  $31,000-$32,000 
cost  over  20  years  for  a  M-l  M-COFT  or  a  M60  M-COFT  means  the 
total  cost  per  trainee  is  about  $1,500  per  year,  or  $250  per 
training  session. 

We  do  not  yet  have  cost  estimates  for  Guardfist  1,  a  full 
crew  tank  gunnery  simulator,  which,  like  M-COFT,  will  provide 
procedural  training  for  tank  gunnery,  and  which,  like  the 
Guardfist  2  artillery  device,  will  be  based  on  interactive 
videodisc  technology.  But  whereas  Guardfist  2  uses  a  single 
videodisc  system,  the  Guardfist  1  will  include  three  video¬ 
disc  systems — one  each  for  the  tank  commander,  the  gunner,  and 
the  driver. 

For  a  quick,  conservative  comparison' of  bottom-line  costs 
of  Guardfist  1  and  M-COFT,  let's  suppose  the  3:1  ratio  of 
videodisc  systems  for  Guardfist  1  and  Guardfist  2  is  used  as 
a  first  order  indicator  of  the  relative  life-cycle  costs  of 
these  trainers.  From  Table  22,  the  life-cycle  cost  per  opera¬ 
ting  unit  for  Guardfist  1  would  be  3  x  $151K  *  $453K.  So  LCC 
per  trainee  would  be  $453K  *  236  soldier-trainees  in  an  M60 
tank  battalion  and  $453K  ♦  228  soldier-trainees  in  an  M-l  tank 
battalion.  These  LCC-per-t rainee  figures  of  $1919  and  $1987, 
for  the  M60  and  the  M-l,  respectively,  compare  to  $31,400  and 
$32,300  in  Table  21  for  M-COFT.  The  16x1  advantage  in  LCC  per 
trainee  makes  Guardfist  1  an  attractive  device  for  detailed 
cost-effective ness  analysis. 
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IV.  FINDINGS 


The  density  distributions  of  several  large-population  MOSs 
illustrate  quantitatively  the  principal  characteristic  of  the 
Army  RC  environment:  a  dispersion  of  many  small  training  target 
populations. 

Because  of  limited  availability  of  Guardsmen  and  Reservists 
for  training,  low  utilization  is  expected  for  training  equipment 
in  the  Army  RC  environment. 

Population  dispersion  plus  low  utilization  of  training 
equipment  make  low-cost-per-trainee  a  design  imperative  for 
Army  RC  training  devices. 

The  capabilities  and  costs  of  interactive  video  make  this 
equipment  especially  promising  for  RC  training  applications.  ■ 
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